Objectives: The objective of this study was to determine the characteristics and survival rates of patients receiving cardiopulmonary resuscitation more than once during a single hospitalization. Design: We analyzed inpatient Medicare data from 1992 to 2005 identifying beneficiaries 65 years old and older who underwent cardiopulmonary resuscitation more than once during the same hospitalization. Measurements: We examined patient and hospital characteristics, survival to hospital discharge, factors associated with survival to discharge, median survival, and discharge disposition. Results: We analyzed data from 421,394 patients who underwent cardiopulmonary resuscitation during the study period. Four lakh thirteen thousand four hundred three patients received cardiopulmonary resuscitation once during a hospitalization and survival was 17.7% with median survival after discharge being 20.6 months. There were 7,991 patients who received cardiopulmonary resuscitation more than once during the same hospitalization; 8.8% survived the efforts, and median survival after leaving the hospital was 10.5 months. Patients who received more than one episode of cardiopulmonary resuscitation during a hospitalization were significantly less likely to go home after discharge. Greater age, black race, higher burden of chronic illness, and receiving cardiopulmonary resuscitation in a larger or metropolitan hospital were associated with lower survival among patients receiving cardiopulmonary resuscitation more than once. Conclusions: Undergoing multiple cardiopulmonary resuscitation events during a hospitalization is associated with substantially reduced short-and long-term survival compared with patients who undergo cardiopulmonary resuscitation once. This information may be useful to clinicians when discussing end-of-life care with patients and families of patients who have experienced return of spontaneous circulation following in-hospital cardiopulmonary resuscitation but remain at risk for recurrent cardiac arrest. (Crit Care Med 2014; 42:108-117) Key Words: cardiopulmonary resuscitation; cardiopulmonary resuscitation outcomes; critical care; elderly; multiple cardiopulmonary resuscitation efforts C ardiopulmonary resuscitation (CPR) was initially developed in the 1960s primarily for patients who suffered cardiac arrest in the immediate postoperative setting (1). Since then, multiple attempts at improving CPR delivery have occurred (2, 3), but survival remains low. In our previous study, we found a prevalence of 2.73 per 1,000 hospital admissions and an 18.3% survival rate to hospital discharge in patients who receive in-hospital CPR (4), which is consistent with findings over the past 50 years (5) (6) (7) (8) (9) .
Current guidelines state that physicians should discuss patient preferences with regard to resuscitation efforts if the patient is at increased risk for cardiac or pulmonary failure (10) . Although many studies have investigated outcomes after in-hospital CPR, including our recent complete epidemiologic analysis (4), there are few data available on outcomes in patients who receive multiple resuscitation efforts in the same hospitalization. A study of 197 patients found that multiple CPR efforts during a hospitalization were a predictor of death, however this was a small single center study and 27% of CPR attempts were repeat arrests occurring in patients who had already arrested at least once (11) . Our study seeks to further understand the outcomes and the patient and hospital characteristics associated with survival in patients who receive more than one CPR event during a hospitalization. This is a commonly encountered dilemma in critical care, and this information is important to critical care clinicians so surrogate decision-makers of patients who survive the initial episode of CPR can receive appropriate counseling on the value of subsequent CPR efforts.
METHODS
We conducted an epidemiological study using Medicare Provider Analysis and Review (MedPAR) hospital claims from 1992 to 2005 identifying beneficiaries in the Old Age and Survivors Insurance program 65 years old or older for whom a claim for payment had been made for in-hospital CPR. We then further identified those participants who had more than one CPR claim during the same hospitalization. We defined CPR by the presence of either 99.60 (CPR, not otherwise specified) or 99.63 (closed chest cardiac massage) based on the International Classification of Diseases, 9th Edition (ICD-9). We excluded patients who were coenrolled in a health maintenance organization because such patients may have had incomplete CPR claims data. The Institutional Review Board of the University of Vermont reviewed this study and found it exempt from the need for approval. In our prior study of the epidemiology of CPR in all older adults, these same data abstraction methods were used; hence, the datasets are very similar. For this current study, a separate new dataset was created from original Med-PAR data.
Analysis
Our primary outcome was survival to hospital discharge among patients receiving CPR more than once in a hospitalization based upon discharge destination and date of death coded in the MedPAR file. Additional outcomes of interest included long-term survival using beneficiary date of death within MedPAR (censored at December 31, 2005) as well as discharge destination of home, another hospital, skilled nursing facility (SNF), or hospice. Because the vital status of some beneficiaries was unclear within the data, we excluded those with a discharge destination indicating in-hospital death but who had a recorded date of death 2 or more days beyond the date of discharge as well as those whose discharge destination indicated they were alive at discharge but for whom the recorded date of death either preceded the date of discharge or was on the date of discharge. Some beneficiaries had a discharge destination indicating in-hospital death but also had a recorded date of death 1 day later than the discharge date, and we assumed that this discrepancy was an error in date recording and that these beneficiaries actually died on the date of discharge. These beneficiaries were included in the crude and multivariable analyses, but for survival analyses were considered to have survived 0 days beyond discharge. We compared survival among hospital discharge survivors who received one and more than one episode of CPR during the index hospitalization using the logrank test to determine a difference between the Kaplan-Meier curves.
We also investigated associations between patient and facility characteristics and survival to hospital discharge among patients who received CPR more than once using multivariable logistic regression with robust se estimates. This multivariable model included covariates for age, sex, race, burden of chronic illness, median income, admission from a SNF, hospitalization diagnosis codes (including myocardial infarction, congestive heart failure [CHF], stroke, diabetes mellitus, and chronic obstructive pulmonary disease), hospital size, metropolitan or nonmetropolitan location of the hospital, and teaching status of the hospital. Additionally, we explored interaction terms for hospital characteristics (between teaching status and rurality, size and rurality, and teaching status and size) in our multivariable models. For all of our analyses, a complete case approach was used (excluding those observations with missing data for any of the variables of interest). Race was categorized as black, white, or other because further classification within Medicare data may not be accurate (12) . Deyo-Charlson score was used to assess the burden of chronic coexisting illness (13) . This score ranges from 0 to 33 with higher scores indicating higher burden of illness. We included it in the model as ordinal categories of 0, 1, 2, or 3 or more because there were very few subjects with a score of greater than 5. Using the 1999 U.S. Census data we identified median household income according to the patient's zone improvement plan (ZIP) code. We examined hospital identity using Medicare provider numbers and used data from the Centers for Medicare and Medicaid Services (CMS) to determine hospital characteristics. The location of hospitals was dichotomized as metropolitan or nonmetropolitan using the hospital ZIP codes and the Rural-Urban Commuting Area Codes, version 2.0 (12) .
Additionally, we investigated the association between having undergone prior CPR during the hospitalization and survival to discharge in a cohort of all patients who received CPR using a multivariable regression model adjusting for the variables associated with survival (i.e., age, sex, race, burden of chronic illness, diagnosis, and hospital characteristics). In this multivariable model, receipt of prior CPR was a dichotomous variable and distinguished patients who received CPR only once from those who received CPR more than once. We also investigated the association of CPR with survival to discharge in an additional multivariable model where CPR was categorized as ordinally as the number of events.
RESULTS
We identified 433,973 patients who underwent CPR during the study period. For 12,579 of these individuals, there was discrepancy between vital status at index hospital discharge and recorded date of death, so these cases were excluded. The remaining 421,394 patients were included in subsequent analyses including the 3,622 patients with discharge destination indicating in-hospital death but with a recorded date of death 1 day later than the discharge date because we assumed this discrepancy related to deaths occurring late in the day. Survival to hospital discharge for the 413,403 patients who each received only one episode of CPR during a hospitalization was 17.7% (95% CI, 17.5-17.8). There were 7,991 patients who underwent CPR more than once during the index hospitalization, and the proportion of this group surviving to discharge was 8.8% (95% CI, 8.2-9.4) ( Table 1) . This difference in survival to hospital discharge between the two groups was statistically significant (p < 0.001). As seen in Table 1 , survival appears to be greater in patients receiving more than one CPR effort with a diagnosis of CHF and stroke and those who receive CPR at nonmetropolitan and smaller hospitals. Survival tended to be lower in patients older than 80 years and nonwhite patients. Among those alive at hospital discharge, patients who underwent only one CPR event during the index hospitalization had a median survival of 20.6 months, whereas those with more than one episode of CPR had significantly shorter median survival of 10.5 months (p < 0.001) ( Fig. 1) .
Among the group of patients undergoing more than one episode of CPR in the hospitalization, we used multivariable logistic regression to evaluate for associations between patient and hospital factors and survival to discharge ( Table 2) . Age greater than 90 years was associated with lower survival (odds ratio [OR], 0.53; 95% CI, 0.34-0.82), as was race other than white (OR, 0.51; 95% CI, 0.39-0.66 for black race and OR, 0.57; 95% CI, 0.35-0.90 for other). Additional covariates associated with reduced hospital discharge survival were Deyo-Charlson score of 2 (OR, 0.68; 95% CI, 0.49-0.96) and greater than or equal to 3 (OR, 0.51; 95% CI, 0.34-0.76), and hospital size of greater than 450 beds (OR, 0.74; 95% CI, 0.58-0.95). None of the interaction terms or tests of collinearity between hospital teaching status, rurality, and size were statistically significant (data not shown). Hospitalization diagnoses of CHF (OR, 1.85; 95% CI, 1.52-2.27) and stroke (OR, 1.78; 95% CI, 1.34-2.36) were associated with improved survival. Receiving CPR at a nonmetropolitan hospital was also associated with a trend toward improved survival (OR, 1.25; 95% CI, 0.99-1.55; p = 0.052).
In a multivariable logistic regression model of the entire cohort of patients who received CPR during the study period (378,309 who received CPR one or more times and who had no missing data points) adjusted for patient and hospital factors known to be associated with lower survival as well as a variable indicating that a patient had more than one episode of CPR during the index hospitalization, we found that having had prior CPR was associated with almost 60% lower adjusted odds of survival (OR, 0.42; 95% CI, 0.38-0.45). Of the patients who survived more than one CPR event during the index hospitalization, 34% were discharged home, compared with 43.7% of patients who survived one episode of CPR ( Table 3) .
Of the 7,991 patients who received CPR more than once, 7,379 had two episodes, 528 had two episodes, 66 had four episodes, and 16 had five episodes. In the additional multivariable model with CPR categorized ordinally as the number of events, we found that each additional episode of CPR was associated with a 55% decrease in the odds of survival to discharge ( Table 4 ).
DISCUSSION
We found that 17.5% of patients who received in-hospital CPR survived to hospital discharge, which is similar to prior reports (4) . In patients who underwent more than one episode of CPR during the same hospitalization, survival to discharge was less than half of this, at 8.8%. Additionally, patients who received CPR more than once during hospitalization and survived to discharge had a median survival of only 10.5 months. These results are perhaps not surprising because patients receiving CPR more than once during a hospitalization are likely to have a higher severity of illness as well as a different distribution of the underlying proximal causes of cardiac arrest than patients who undergo one CPR event. However, in this study, we were only able to assess burden of chronic illness with Deyo-Charlson score, which is a valid measure of chronic disease burden but does not accurately estimate acute severity of illness (13) . In addition to probable increased severity of illness, there are other explanations for decreased survival after a second episode of CPR than after a first episode. Cardiac arrest can lead to multiple organ failure, even when CPR successfully restores spontaneous circulation. Patients with underlying organic heart disease are more likely to have an arrest rhythm of ventricular tachycardia or ventricular fibrillation compared to people with severe underlying noncardiac illnesses where arrest rhythms such as asystole or pulseless electrical activity (PEA) are more common (14) . Outcomes of CPR with initial arrest rhythms of asystole and PEA are significantly worse than other dysrhythmias and often recur in patients with high severity of illness and a primary noncardiac illness that is the underlying risk factor for cardiac arrest (8, 15, 16) .
Among all patients receiving CPR twice or more in a hospitalization, we found that black patients had a lower survival rate than whites and patients of other races, and this finding was confirmed in adjusted analyses. These results are similar to prior reports of CPR that did not specifically investigate multiple episodes of CPR. Prior work with CMS data has found that a greater proportion of black patients than white patients receive CPR before death (4). These findings might be explained by the higher prevalence of cardiovascular disease and increased severity of illness among black patients (17) . However, multiple studies have also found that black patients tend to choose to receive life-sustaining treatments more often than white patients, despite having worse severity of illness (18) . It is interesting in our study that black patients comprise 13.6% of all patients receiving CPR once, but 16.2% of patients receiving CPR two or more times. Therefore, it is also possible Sex that a higher proportion of black patients than white patients are choosing to remain "full code" even after having survived one episode of CPR. Alternatively, physicians tend to have fewer end-of-life discussions with black patients (19) , which may also lead to a higher proportion of black patients receiving CPR twice. It is also interesting that unlike the results of most studies of survival after CPR, this study of individuals receiving in-hospital CPR more than once during a hospitalization did not find a linear association with greater age and lower odds of survival. Only in patients older than 90 years was the association between lower odds of survival and age statistically significant. Explanations for this lack of association are unclear. Among patients receiving CPR more than once during a hospitalization, adjusted analyses also found that undergoing CPR at a nonmetropolitan hospital was associated with improved survival to hospital discharge. The most likely explanation for this finding is the variation in illness severity among patients hospitalized in metropolitan versus nonmetropolitan hospitals with metropolitan hospitals having more seriously ill inpatient populations (20) . However, we cannot examine this explanation within MedPAR data because they do not contain a true measure of severity of illness. This finding could also be explained by transfer of sick survivors from one or more episode of CPR from nonmetropolitan to metropolitan hospitals. Indeed, a significant proportion of patients undergoing CPR one or more times were discharged from one hospital Congestive heart failure to another hospital implying transfer for higher levels of care (Table 4 ).
Our finding that diagnoses of CHF and stroke during the hospitalization were associated with improved survival is somewhat surprising. An earlier meta-analysis found that patients with severe CHF (class III/IV) and recent stroke had higher mortality after CPR (21) , and a separate study consisting largely of patients with primary cardiac disease as the risk for cardiac arrest found that the likelihood of survival decreased with increasing CHF severity (22) . Reasons for differences between the results of our study and prior studies are unclear, especially with regard to stroke. Within our data, it is not possible to (Continued ) discern the severity of CHF, so it is possible that our CHF population predominately consists of patients with very mild disease who are more likely to have more survivable arrhythmias such as ventricular fibrillation and tachycardia or are more likely to be hospitalized in monitored beds where impending cardiopulmonary arrest might be noticed earlier. Another explanation may be that patients who undergo CPR are being misclassified as having CHF as a result of the CPR itself. Crude analyses found that survival to hospital discharge in patients who experience more than one CPR event (8.8%) was less than half of that in patients having one CPR event (17.7%). Multivariable analyses confirmed this finding and demonstrated that patients who had CPR previously during a hospitalization had a 60% lower odds of survival to discharge. These results are important when discussing prognosis and advanced directives with patients and their loved ones.
Median survival in patients receiving more than one CPR effort was 10.5 months compared with those receiving only one CPR event at 20.6 months. Additionally, those having more than one CPR event were significantly less likely to be discharged home, with two thirds of these patients being discharged to SNFs, other hospitals, or hospice. This information is also important to convey to patients and families when discussing treatment preferences, as prior work has suggested that patients will often choose to forgo CPR if they understand that the sequelae of surviving CPR may likely involve institutionalization and reduced quality of life (23) (24) (25) . This study has several limitations. Our definition of CPR within CMS data is based on ICD-9 codes. Although this definition of CPR does not reflect a single method of resuscitation or its effectiveness, it has been used in prior work using CMS data (4) . This definition has not been validated, and short of a large, lengthy, and expensive prospective cohort study cannot be validated. However, the fact that overall prevalence of and survival after CPR in this cohort is similar to numerous studies is reassuring that case ascertainment within CMS data is accurate (9, 26, 27) . Another limitation is the absence of information known to be associated with survival within our dataset. For example, we did not have data on severity of illness or initial rhythm at the time of cardiac arrest. This information would be beneficial in understanding the poor long-term survival for patients receiving CPR more than once. Though it is not the most recently validated comorbidity index, we chose to use the Deyo-Charlson score to assess the burden of chronic coexisting illness so that the results of this study could be compared with that of prior studies using the Deyo-Charlson index. Additionally, these data were obtained from Medicare patients only. Previous studies have shown that in non-Medicare patient variables such as age, diabetes, and cardiac disease have significant associations with outcomes even when these are not seen in Medicare populations (28) . Further, these findings may not be generalizable to a younger population as our results pertain to adults older than 64 years. However, our results are generalizable to most older patients because 97% of Americans older than 64 years have Medicare (29) . These limitations need to be considered when clinicians use these data to discuss treatment options with patients. These findings should be used along with other prognostic information such as severity of illness and patient's goals of care while making shared decisions about treatment.
CONCLUSIONS
In summary, survival to discharge in patients who receive more than one episode of CPR during a hospitalization is only 8.8%, much lower than a 17.7% survival rate in patients receiving CPR once. Long-term survival in the cohort of patients who survived a second CPR event is also significantly reduced with a median survival of 10.5 months. Predictors of survival to discharge include nonmetropolitan hospital location and white race. Finally, the number of patients receiving CPR more than once is substantially smaller than the number receiving a single episode of CPR. This observation is likely an indirect reflection of a complex set of factors including clinician prognostication, patient and surrogate values and preferences, and communication between these parties. Subsequent investigation should explore these important dimensions in CPR decision-making.
This study provides important prognostic information for patients who have had one episode of CPR and survived. Clinicians are often asked to discuss end-of-life care with patients in the inpatient setting. Patients who have survived an episode of in-hospital CPR compose a unique population that should receive counseling on end-of-life care and preferences. Our findings will allow clinicians to have this information available when carrying out these discussions.
